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Introduction
Salmonella species, the causative agents of typhoid fever and diarrhoeal diseases in humans, are estimated to account for between 17 and 33 million cases of typhoid fever worldwide each year with 600,000 associated deaths and also, ap-proximately~1.4 million non-typhoidal Salmonella cases occur in the United States each year [1] [2] [3] . These diseases still pose a serious public health threat in various parts of the world, particularly in the developing countries [4] .
The detection of Salmonella spp. is still primarily based on traditional microbiological culture and serological methods that may take several days to complete [5] . These practices, albeit effective, are costly and time-consuming [6] . Salmonella strains can be not easily detectable in clinical samples containing a small concentration of microorganisms [7] . Rapid and accurate detection of Salmonella, therefore, continues to be of considerable interest for clinical diagnosis [8, 9] .
Recently, a number of rapid methods for detection of Salmonella including immunoassays, nucleic acid hybridization, and polymerase chain reaction (PCR) techniques have been developed [10] . Methods based on PCR have gained momentum in terms of use for rapid, specific, and sensitive detection of food-borne pathogens [7, 11] . A new fluorogenic PCR-based format has been recently developed, which utilizes an internal fluorogenic probe (probe with an attached fluorophore) that is specific to the target gene [12, 13] . During the PCR assay, the target gene is amplified and simultaneously recognized and monitored by the fluorescent probe moiety. The resulting increase in fluorescence can be computed to monitor the amplification of the target DNA [5, 14] . There are two types of fluorogenic PCR-based detection methods. One is based on utilizing a fluorogenic probe which has flanking GC-rich arm sequences complementary to one another (also known as molecular beacon), while the other based on a linear fluorogenic probe and requires the 5' to 3' exonuclease activity of the DNA polymerase (also known as TaqMan ® assay or hydrolysis probe) [14] [15] [16] . In both types of real-time PCR probes, a fluorescent moiety is conjugated to one end of the sequence, and a quencher moiety is attached to the other end of the sequence [5] . TaqMan ® real-time PCR assays are faster and more sensitive than conventional PCR, making them ideal for diagnostic purposes [17] .
Unlike traditional PCR methods, which use agarose gels for detection of PCR amplification at the final phase or end-point of the PCR reaction, real-time chemistries allow for a more timely detection of PCR amplification by measuring the kinetics of the reaction in the early phases of PCR [18] . Moreover, end-point detection is very time-consuming and results are generally based on size discrimination, which may not be very accurate [18, 19] .
The objective of this study was to construct and validate a real-time PCR-based detection assay, based on the TaqMan ® technology to detect S. Typhi, and to compare the specificity and sensitivity of TaqMan ® assay with the conventional PCR assay.
Materials and Methods
The Salmonella strains used in this study are listed in Table I . Twenty non-Salmonella bacterial strains were also used for specificity checking (Table I) .
All the Salmonella and non-Salmonella strains were grown either on Brain Heart Infusion (BHI) (Difco Laboratories, Detroit, Michigan, USA) or Luria-Bertani (LB) broth (Merck, Darmstadt, Germany) at 37°C for 18-24 h.
Also, the study included 60 Salmonella isolates recovered from patients with Salmonella infections hospitalized in several hospitals in Tehran, Iran during 2011-2012. These isolates had been identified at the microbiology laboratory of the hospitals as Salmonella, based upon their morphology on selective media, biochemical and serological characteristics. All strains were stored at -20°C in trypticase soy broth (Merck, Darmstadt, Germany) with 10% of glycerol.
Bacterial strains were harvested, washed and resuspended in phosphate-buffered saline (PBS). The DNA of all micro-organisms was extracted using AccuPrep Genomic DNA Extraction kit (Bioneer, South Korea) according to the manufacturer's instructions. DNA concentration and purity were spectrophotometrically assessed by reading A 260 and A 280 and confirmed by visualization on 1% agarose gel. Then, DNA was diluted to 1 mg/mL in nuclease-free water and stored at -20°C until required for analysis.
The AlleleID software version 7.01 (Premier Biosoft Int., Palo Alto, CA, USA) was used for all the oligonucleotide primers and the fluorescent dye-labelled probe designed in this study. All primers were purchased from Bioneer (Bioneer, South Korea). The in silico specificity was analysed using the Basic Local Alignment Search Tool from the GenBank database. The characteristics of primers and probe used for TaqMan ® real-time PCR assay are given in Table II. Conventional PCR amplifications were carried out in final volume of 50 µL. The mixture contained 39.4 µL of RNAse free water, 4 µL of 10 × PCR buffer, 2 mM of MgCl 2 , 200 µM of dNTP mix, 1 µM of each primer, 1 U of Taq polymerase, and 1 ng of DNA. PCR conditions were an initial denaturation at 124 RANJBAR et al. The specificity of the different primers and probe was first assayed in silico by using BLAST software in order to avoid non-specific amplification. Analytical specificity was then evaluated on the 20 non-Salmonella microorganisms listed in Table I to rule out cross-reactivity. In conventional PCR assays, 1 ng of S. Typhi DNA was used as a positive control. For all PCR assays, the negative control consisted in sterile water instead of DNA template.
Thirty samples were amplified in the same run for the intra-assay repeatability and 10 samples were amplified in a single run on 4 consecutive days for the inter-assay reproducibility. The respective coefficients of variation (CVs) were then calculated.
Sixty Salmonella isolates recovered from patients with Salmonella infections hospitalized in several hospitals in Tehran, Iran during 2011-2012, were also analyzed by conventional PCR and TaqMan ® real-time PCR methods for detection of S. Typhi.
Results
The results indicated that only S. Typhi showed positive results when subjected to the assay using Typhi-specific real-time PCR. No amplification products were observed in real-time PCR with any of the other Salmonella serovars or non-Salmonella microorganisms when using the specific primers and probe for detecting S. Typhi.
The respective lower limit of detections of conventional and real-time PCR assay observed with 10-fold serial dilutions of Salmonella serovar Typhi DNA were 100 fg and 2 fg, respectively. The real-time PCR was more sensitive than the conventional PCR. A 50-fold higher sensitivity for S. Typhi was observed in real-time PCR.
The C t values intra-assay and inter-assay CVs were 1.11% and less than 4.0%, respectively, for detecting S. Typhi confirming the reproducibility and repeatability of the assay. Non specific reaction was PCR amplification at the final phase or end-point of the PCR reaction observed in conventional PCR (Table I) .
Of the 60 clinical specimens positive by culture and serological methods for Salmonella, one tested positive for S. Typhi with both techniques (Table III) .
Discussion
Molecular techniques, like real-time PCR, are proving useful in the detection of pathogens in a wide range of matrices [4, 6] . The use of real-time PCR greatly reduces the time and manpower required when compared with conventional methodologies [20] . The real-time PCR method could be of benefit when information on the presence of Salmonella in samples is required rapidly such as in outbreak and epidemiological studies [4, 21] .
We designed and tested and now report a sensitive and specific TaqMan ® real-time PCR assay for the detection of S. Typhi. We think this assay could be potentially useful as a molecular tool for screening suspected colonies. We proved this hypothesis, first by testing strains of Salmonella, including S. Typhi and commonly occurring serovars. Typhi-specific real-time PCR assay correctly identified S. Typhi.
Subsequently, we assessed the performance of TaqMan ® real-time PCR (Typhi-specific real-time PCR) and conventional PCR (Typhi-specific PCR) assays on isolates recovered from patients with Salmonella infections hospitalized in Tehran. The results were similar for both assays (Table III) .
In the past few years, several authors have evaluated sensitivity and specificity of real-time PCR assays for the detection of S. Typhi [6, 9, 20, 22] . Various loci have been used as target genes including vexC, viaB, and tyv [20, [22] [23] [24] [25] . In this study, we used bioinformatics to identify a region specific to S. Typhi. To our knowledge, no previously published real-time PCR presented primers based on the staG (putative fimbrial protein) gene for detecting Salmonella serovar Typhi. The detection limits of staG real-time PCR assay in this study were markedly improved in comparison to real-time PCR assays published previously. Chen et al. (2010) who evaluated the detection limit of the assay using a 5'-nuclease real-time PCR assay reported the detections limits of 41.2 fg for S. Typhimurium and 18.6 fg for S. enteritidis with their own specific primers [9] . Moreover, Anderson et al. (2011) described a detection limit of 100 fg for Salmonella species [26] . The detection limit of staG real-time PCR assay in this work was 2 fg. A higher sensitivity was observed for the detection of S. Typhi by real-time PCR: In comparison with the conventional PCR method, 50-fold higher sensitivity for S. Typhi was observed for its target in real-time PCR.
The real-time PCR assays were also evaluated with a variety of other bacterial species and were highlighted as being specific; neither phylogenetically related (i.e. belonging to the proteobacteria group) microorganisms nor other pathogens showed cross-reactivity. Interestingly, no amplification occurred with Shigella flexneri and Shigella sonnei, thus indicating the specificity of the selected target sequence (Table I) .
In conclusion, we developed and successfully applied a TaqMan ® real-time PCR for rapid identification of S. Typhi. Real-time PCR appears to offer several advantages over conventional PCR. Apart from being faster, this closed system obviates the need for post-PCR handling and prevents DNA contamination. This technology often is adopted to detect fastidious microbes or microorganisms that cannot be cultivated. As we observe, the specificity of TaqMan ® real-time PCR and PCR assays were similar but, TaqMan ® real-time PCR was more sensitive than conventional PCR. Therefore, the use of TaqMan ® real-time PCR assay appears promising due to its high sensitivity for the safe, rapid and specific detection of the Salmonella serovar Typhi in clinical samples or this technique can be used in children and newborns, particularly those for whom the serovar Typhi detection is of great concern and importance from the therapeutic and prognostic point of view as well as for public health purposes.
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